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1 2 
The invention described herein may be manu- a note an octave lower. In the diatonic scale 
factured and used by or for the Government of the intervals between notes have been selected 
the United States for governmental purposes to obtain the maximuï of consonance when the 
without the payment fo me of any royalty there- notes are sounded simultaneously in chords. 
on in accordance with the provisions of the act of  The succession of intervals between notes in the 
April 30, 1928 (Ch. 460, 45 star. L. 467). diatonic succession is as follows: tone--tone-- 
This invention relates fo an electronic musical semitone--tone---tone--tone--semitone. 
instrument and more specifically fo an electronic The modes or arrangements of succession of 
instrument for the production of complex the diatonic scale as used today are the major 
sounds. 10 and minor. In the major mode the arrangement 
Each individual musical note bas pitch, qual- is as given above. In one minor mode the same 
ity, and intensity. The pitch is determined by succession of intervals is arranged as follows: 
its frequency or by the number of vibrations per tone--semitone--tone--tone---semitone--tone-- 
second it causes in the air. This characteristic tone. 
determines whether a note is high or low. The 15 In the application of the diatonic scale it is 
quality of the note depends upon whether if is natural to select the lowest note of which the 
heard as a pure sine wave containing only one scale is composed as the key-note. In music the 
frequency or whether if is a compound wave con- key-note is invested with special significance 
taining a dominant funda,mental frequency making the other six subservient to it. In the 
along with one or more harmonics or multiples 20 scale of C major the lowest note is C and the 
of the fundamental. Quality is the character- arrangement of intervals up the scale must be 
istic which allows distinction between notes of as outlined above for the major mode. Music 
the same pitch produced by different instru- is written with 12 different keynotes and, because 
ments. Intensity is a measure of the amplitude the diatonic scale intervals are more or less 
of the sound wve and s the characteristic 25 commensurate, it is round that each of these keys 
which determines loudness. Control of the in- requires a different keyboard on a musical in- 
tensity of a note or of any part of a rendition strument for exact intonation. 
is known as dynamic control. To avoid either twelve keyboards or fifty key- 
Musical notes as sounded by instruments also board levers per octave as would be necessary to 
bave a distinguishing characteristic in the varia- 30 accurately render music in both modes and in 
tion of intensity with respect to the rime of dura- the various keys, a compromise is customarfly 
tion of the note. In some instruments such as made in musical instruments by providing in 
the organ each note is of substantially uniform each octave twelve notes the spaces between 
intensity as long as the keyboard lever is held which are equally proportioned. Such an 
down. In other instruments, such as those in 35 rangement is known as equal temperament and 
which a string is struck or plucked, the intensity provides a close approximation for each of the 
may with more or less rapidity build up fo a keys. The scale having 12 notes per octave, the 
maximum and die away with more or less slow- notes being approximately a half-tone apart is 
ness. The increase of volume during the initial known as the chromatic scale. This arrangement 
part of the note is known as the "attack" and 4O does hot allow accurate rendition of each key 
the decrease in intensity as the note dies away since the sharp of one note is hot, as so offert 
is known as the "decay." This characteristic supposed, the same as the fiat of the note follow- 
also provides a distinction between notes of the ing. An instrument arranged for accurate tonal 
same pitch of different instruments, rendition of a key is saint fo bave just temper- 
Some instruments such as the piano and or- 45 ament. 
gan permit the sounding of a plurality of notes If is an object of this invention fo produce 
simultaneously fo produce harmony. Two or musical instrument in which a plurality of dif- 
more notes thus played at once produce a chord, ferently pitched notes may be produced succes- 
If the ratio between the' frequencies of the notes sively by a single means for producing oscilla- 
in a chord bas a low value, beat notes of slow fre- 50 tions. 
quency are produced and such chords are pleas- If is also an object fo provide a musical instru- 
ing fo the ear and are said fo be consonant, ment in which a complex sound may be produced 
However, if the beat notes produced bave a rela- appearing fo the ear as a chord composed of sev- 
tively high frequency the sound is displeasing eral notes of different pitch being sounded simul- 
fo the ear and the chord is said fo be dissonant. 55 ta.neously, said complex sound being produced by 
The diatonic scale used in modern music bas a single means for producing oscillations. 
eight notes or steps in an octave, if the last note, If is also an object fo provide a musical instru- 
one octave higher than the rst note, is counted, ment in which a single keyboard in cooperation 
The octave appears fo the ear as a truly natural with a single oscillation producing means will 
interval, a note being of twice the frequency of C0 produce a chord appearing fo the ear fo consist 
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of thirteen notes of the chromatic scale sounded 
simultaneously, two of which notes are separated 
by an octave. 
If is also an object to provide a musical instru- 
ment which may be simply adjusted to play either 
in just or equal temperament. 
If is also an object fo provide a musical instru- 
ment which may be simply and selectively ad- 
justed fo play in any of a plurality of modes and 
in any of a plurality of keys so that the keyboard 
may always be manipulated in one desired key 
while the music is produced in a key correspond- 
ing fo the adjustment. 
Itis also an object of this invention fo provide 
a musical instrument wherein the quality of the 
notes produced may be generally adjusted. 
Itis also an object fo provide a musical instru- 
ment wherein the quatity of each note may be 
separately adjusted fo vary with respect to rime 
of duration of the note. 
If is also an object fo provide a musical instru- 
ment in which the intensity of each note may be 
controlted by the pressure exerted on the corre- 
sponding keyboard lever. 
If is also an object of this invention fo provide 
a musical instrument in which the intensity of 
each note may be varied in predetermined man- 
ner with respect fo the rime of duration of said 
note. 
It is also an object of this invention to provide 
a musical instrument in which a main keyboard 
representing the notes of the chromatic scale is 
provided with a supplementary keyboard where- 
by operation of a key on said supplementary key- 
board will sound a corresponding note and simul- 
taneously a note one octave higher or lower. 
Other objects will become apparent from the 
following description taken in connection with 
the drawings in which: 
Fig. 1 is a schematic diagram of one embodi- 
ment of this invention. 
Fig. 2 shows a 2-manual keyboard fo be used 
with this invention. 
Fig. 2a shows a detail of part of the tremolo 
producing means. 
Fig. 3 ïs a detafled cross-sectional perspective 
view of one keyboard manual. 
Fig. 4 is a simplified block diagram of one em- 
bodiment of this invention. 
Figs. 5a-5I are curves used in explaining the 
operation of Fig. 4. 
Fig. 6 is a schematic diagram of one embodi- 
ment of this invention. 
Fig. 7 is a schematic diagram showing one sys- 
rem of dynamic control that may be used with 
this invention. 
Fig. 8 is a schematlc diagram showing a por- 
tion of the volume control used )yith this inven- 
tion. 
Fig. 9 is a schematic diagram showing one sys- 
rem of quality control that may be used with this 
invention. 
Fig. i0 Is a schematic dlagram of an alterna- 
tive system of quality control. 
Fig. il is an alternative electronic distributor 
device that may be used with this invention. 
Fig. 12 is a block diagram of an embodiment 
of this invention using concentric wave patterns. 
Fig. 13 is an elevation view of the wave pat- 
terns used in the embodiment of Fig. 12. 
Fig. 14 is a partial block diagram showing an 
embodiment of this invention using cylindrical 
wave patterns. 
Fig. 15 is a partial block diagram showing other 
elements of the system of Fig. 14. 

Fig. 16 is a block diagram of an embodiment of 
this invention using complementary wave pat- 
terns connected in push-pull relation. 
Fig. lï is an elevation view of the push-pull 
5 patterns used in the system of Fig. 16. 
Fig. 18 is a sectional side view of the patterns 
shown in Fig. 17. 
Reference is now ruade more particularly to 
Fig. 1 of the drawing in which cathode ray tube 
10 36 bas an electron gun 3f for producing an elec- 
tron beam. Tube 36 is so arranged that the beam 
bas the shape of a ribbon having a comparatively 
long vertical dimension and a short horizontal 
dimension, the cross section of the beam as if 
15 impinges on the end wall 32 being substantialty 
a line as shown at 33. Deflecting plates 34 are 
provided for deflecting said beam horizontally. 
End wall 32 carries a plurality of patterns 36, 37, 
and 38 which may vary sinusoidally in form and 
20 which may be marie of metal loti. The uppermost 
pattern 36 consists of one complete sine wave. 
The second pattern 37 while of substantially the 
saine lengh as pattern 36, consists of two sine 
waves. Pattern 36 which is of the same length 
25 consists of three sine waves. It will thus be seen 
that pattern 37 represents a wave which is the 
second harmonic of wave 38 while pattern 
represents a wave which is the third harmonic 
of pattern 36. Patterns 36, 37, and 36 are con- 
3O nected through'attenuator circuits 40, which are 
controlled by stops 4 f, and through amplifier 
which is in turn connected fo speaker 43. 
tenuator circuit 40 is constructed to selectively 
attenuate the signals picked up by patterns 36-36 
35 as wfll be disclosed in greater detail below. 
Electrode 44, also carried by end wall 32 of 
tube 36, is located in alignment with one end of 
the patterns 36-38. Electrode 44 is connected 
through conductor 46 to sweep-limit control cir- 
4O cuit 46. A circuit suitable as a sweep limit con- 
trol ch'cuit witl be described in detail with respect 
fo Fig. 6. Deflecting plates 34 are connected 
through clamping circuit 47 and amplifying cir- 
cuit 48 fo saw-tooth oscillator circuit 66. 
45 Saw-tooth oscillator circuit 8 comprises a con- 
denser  connected in para]lel with a gas-fllled 
triode 2. The cathode of vacuum tube 62 is 
connected fo ground. The grid of tube 62 is con- 
nected fo ground through a biasing battery. 63, 
50 and is inductively coupled through coils 6 and 
66 fo sweep-limit control circuit 46. The plate 
of tube 62 is connected through frequency control 
pentode 66 fo plus battery and through the bat- 
tery to ground completing the circuit for charg- 
55 ing condenser  through pentqde 6. Condenser 
 is discharged ttu'ough triode 2. The cathode 
of tube 66 is connected fo the plate of tube 
and the plate of tube 66 is connected to plus 
battery. 
60 A keyboard 66 is provided along with a supple- 
mentary keyboard 66. Keyboard 6 comprises 
the usual black and white levers of the piano or 
organ as wfll be described in greater detail be- 
low. Keyboard 66 consists of very short levers, 
65 one corresponding to each of the black and white 
levers on keyboard 6, each keyboard lever in 
keyboard 66 being directly in front of and closely 
adjacent fo the corresponding lever in keyboard 
6. Each lever in keyboard 66 and 66 is pro- 
70 vided with a contact shown af 67. In their nor- 
mal unoperated position, these contacts engage 
one end of resistors 68 or 66' shown on the right 
side of the contacts 67. When the levers are 
pressed, contacts 67 engage one end of resistors 
7 6 or 6' shown on the left side of contacts 
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The other ends of resistors 68 and 69 are con- 
nected together and through battery 72 fo the 
cathode 73 of cathode ray tube 75. 
Thirteen electrodes such as shown ai 31-93 
are fixed fo the end wall of tube 75. Tube 75 
is a]so provided with deflecting plates 76 and 77 
for deflecting the cathode ray beam in mutually 
perpendicular directions, the cathode ray beam 
being produced by electron gun 79. Deflecting 
plates 76 and 77 are supplied by sweep circuits 
74 with sine waves 90 degrees out of phase so 
that the electron beam is swept in a continuous 
circle over electrodes 91-93 af a super-audible 
speed. Twelve of these electrodes 9-93 are each 
connected fo one of the contacts 67 in each octave 
of the normal keyboard 65 through conductors 
such as 95 and 96. The thirteenth electrode 93 
is connected to contacts 6.7 of the supplementary 
keyboard 66. 
One keyboard lever 78 oï keyboard 66 bas asso- 
ciated therewith resistors 69' and 69' correspond- 
ing fo resistors 66 and 69 of keyboard 65. Key- 
board lever 78 controls a contact 67 which en- 
gages one end of resistor 6' when the lever is 
unoperated and one end of resistor 69' when the 
lever is pressed. However, the other levers of 
keyboard 66 bave associated therewith a contact 
7! which is connected fo the end of said resistor 
69' which engages contact 67 associated with 
lever 78. The other ends of resistors 69, 69', 69 
and 69' are connected fo battery 72 and also fo 
the cathode oï pentode 68. The contacts such 
as 7! in connection with keyboard 66 may be 
used in place of the plurality of resistors 69' as 
shown in connection with keyboard 65 because 
only one lever of keyboard 66 is ever depressed ai 
one rime whereas a plurality of levers on key- 
board 65 are operated simultaneously therefore 
one "silent" resistor will serve the entire key- 
board 66. 
Resistors 68, 68', 69 and 69' are successively 
connected in a circuit including battery 72, the 
electron beam of tube 75 and one of contacts 
81-93. Connections are made from the other 
ends of resistors 68 and 68' and selected points 
on resistors 69 and 69' fo the grid oï tube 68. 
Resistors 68, 68', 69 and 69' therefore form parts 
oï potentiometers and the voltage picked up across 
resistors 68 and 68' is sufficient fo prevent tube 
68 from passing current while the voltage pïcked 
up from the intermediate taps of resistors 69 and 
68' causes tube 68 fo pass current commensurate 
with the tone of the keyboard lever pressed. 
The selected points of resistors 69 mentioned 
above are shifted slightly along said resistors 
through the action of switches 97. There is one 
switch 97 provided for each resistor 69. Switches 
97 are ganged for group action and are operated 
by a single operating handie or stop 96 marked 
"just-equal." Switches 97 are effective fo connect 
either of two selected points fo the grid of tube 
68. Changing the point af which a resistor 69 is 
connected fo the grid oï tube 68 obviously will 
change the pitch sounded by the associated key- 
board lever. The points on resistors 69 tapped 
by switches 97 are so selected that with stop 98 
in one position the instrument will play in just 
temperament and with the stop 98 in the other 
position the instrument will play in equal tem- 
perament. Switches, not shown, similar fo 
switches 97 should be provided for reslstors 69' 
of keyboard 66. 
In just temperament a change in the key note 
from one note fo the next higher note means that 
the pitch of all the notes is raised by beïng multi- 

6 
plied by the pitch ratio of said two key notes. In 
just temperament this pitch ratio between adja- 
cent notes will not be the saine ïor every two 
adjacent notes. In equal temperament a change 
5 ïrom one key note fo the ne»:t higher key note 
means that the pitch of all notes is raised by 
being multiplied by 1.059, a number such that ifs 
product and succeeding products will divide an 
octave into twelve equal inter¢als. In equal tem- 
10 perament since all the notes are raised by one 
factor when the key note is changed the key sig- 
nature stop may operate one set of switches ad- 
justing the resistance of one resistor in the con- 
nection between cathode 73 of distributor 75 and 
15 keyboards 65 and 66. 
In operation, when levers of keyboard 65 are un- 
operated the contacts 67 engage resistors 68 but 
when the levers are depressed the contacts 67 en- 
gage resistors 68. Current flows from battery 
.20 through one or the other of resistors 68 or 
thence through w!ichever one of the e]ectrodes 8 
fo 93 on which the beam generated by electron 
gun 78 is impinging, and back fo battery 72. 
sistors 68 and ç9 thus operate as potentiometers 
25 and a 'voltage will be applied through line 88 fo 
the control grid of pentode 68, said voltage being 
determined by the position of the intermediate 
tap of the resistor 69 or the voltage across resis- 
for 68 which are associated with the lever pressed. 
30 Supplementary keyboard 66 operates in a sim- 
ilar manner current passing through electrode 
and through whichever resistor 68' that corre- 
sponds fo the lever pressed. IIowever, when a 
lever is pressed on keyboard 65 the corresponding 
35 lever is also operated in keyboard 65 because of 
a mechanical linkage, tobe described more in 
detail later, between the levers of keyboard 66 and 
çS. This arrangement a!lows two notes one oc- 
tare apart in pitch fo be sounded simultaneously 
40 on one keyboard. 
Various voltages are thus applied in quick suc- 
cession fo the control grid of tube 6}, these volt- 
ages corresponding in magnitude fo the pitch rep- 
reented by the levers pressed on keyboards 
45 and 66. The current through tube 69 varies in 
accordance with the voltage on ifs control grid 
and charges condenser 5! af varying rates of 
speed. Condenser 5! is discharged by triode 5. 
Upon actuation by the impinging of the electron 
50 beam in tube 38 on electrode 44 sweep-limit con- 
trol circuit 46 applies a pulse fo the grid of triode 
52 through inductively coupled coils 55--56 fo 
cause tube 52 fo conduct. This causes condenser 
5! fo discharge as trace 3 completes ifs sweep 
55 over patterns 36-38 and causes trace 33 fo re- 
turn fo the beginning of ifs sweep. 
The voltage fo which condenser 5! is charged is 
amplifled by circuit 43 and converted into two 
oppositely swinging voltages each of which swings 
60 in a direction opposite fo the other and af a rate 
in accordance with the charging rate of con- 
denser 51. These oppositely swinging voltages 
are applied fo clamping circuit 47 which fixes the 
upper limit of the swing of each of the voltages 
65 and applies them fo the deflecting plates 34 of 
tube 3{} fo limit the travel within the bounds of 
the patterns on the side opposite electrode 44.. 
This causes the ribbon beam of tube 38 fo swing 
back and forth across patterns 36, 37 and 38. Af 
70 any instant more or less current will fiow from 
patterns 36-38 in accordance with the area of 
said patterns that is being impinged upon at 
that instant by the electron beam. Thus if will 
be seen that the current will flow representing 
' the fundamental in accordance with pattern 
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andalso the harmonics represented by patterns 
37 and 3S. The current picked up by patterns 
36-38 is attenuated in circuits 40, as controlled 
bF stops 4[, is amplified in circuit 42 and repro- 
duced.audibly by speaker 43. 
.Ifs-no levers. on keyboards $5 or 66 are pressed 
the controlgrid of tube 60 is so biased that con- 
denser 5 is hot being charged. Hence, the rib- 
b.on.beam in tube 30 is not deflected.- A steady 
current _ill be passed on .to_ circuit 40 and no 
vibrations wfll be audibly reproduced by speaker 
43. It will be obvious that the sound could also 
b.e extinguished by blocking the beam in.cathode 
ray.tube 30 and.that the sound could be muffled 
by partially blocking said beam. . 
instant.that the electron .beam oftube 76 passes 
the 'corresponding electrode of electrodes 
condenser 5 wfll be charged ata rate deter- 
mined by the pitch value of the key pressed. Dur- 
ing this instant the ribbon beam in tube 30 wfll 
move horizontally along the patterns generating 
a current having a fundamental and harmonics 
ata frequency depending on the pitch value of 
the lever pressed. A corresponding operation will 
follow from the pressing of the other levers in key- 
board 65. 
If two ]evers are simultaneously pi;essed on 
keyboard 65, the pitch of one lever will be sounded 
as the electron beam in tube 75 impinges on 
its corresponding electrode of electrodes 
whfle the pitch of the other key will be sounded 
as its corresponding electrode is impinged upon. 
The rate of sweep of the electron beam in tube 
76 is ata superaudible rate so that the pitches 
of the two notes are heard in succession during 
very small increments of time. If wfll then ap- 
pear. to the ear that the two notes are p]ayed 
simultaneously. It wfll be evident that all twelve 
notes in the chromatic scale may be sounded .at 
one time, the notes being scattered throughout 
the. octaves on the keyboard. 
If two notes an octave apart are to be sounded 
simultaneously then the lever on the supple- 
mentary keyboard 66 corresponding to the lower 
of the two notes, for right hand execution or 
higher of the two notes for left hand use is 
pressed. This action automatically presses the 
lever opposite and corresponding to the upper 
or lower octave note in keyboard 65 and itis 
sounded through the action described above. The 
pitch resistors 6@' are arranged so that the levers 
of keyboard 66 to the right of the center sound a 
note one octave lower than the opposing lever on 
keyboard 66 while the levers of keyboard 66 fo 
the left of the center sound a note one octave 
higher than the opposing lever of keyboard 65. 
The lever of keyboard 66 which is pressed con- 
tacts a resistor 69' and causes a current to flow 
by impingement of the beam on electrode 93 of 
tube 75 causing the note an octave higher tobe 
sounded during the thirteenth increment of the 
sweep-cycle in tube 75. 
Itis thus seen that, through the operation of 
a single oscillation producing means 30, a plu- 
rality of pitches may be produced in succession 
and that these pitches can be produced in such 
rapid succession that they appear to the ear to 
be simu]taneously sounded. 
In Fig. 2 is shown the two-manual keyboard 
arrangement preferably used in this invention. 
The two main keyboards 65 and 65' are each 
associated with auxiliary octave keyboards 66 and 
66',.respectively. The means for producing a 
tremolo effect are mounted immediate]y behind 

8 
the keyboards and will be described in detail be- 
low. 
The construction of a main keyboard 65 and 
octave keyboard 66 is shown in lig. 3. White 
5 lever  00 and black lever  0  of keyboard 66 corre- 
spond to the black and white levers on the key- 
board of a conventional piano. Levers 00'-and 
0' of octave keyboard 66 are directly in front 
of corresponding levers I00 and lOI. Lever I00 
10 is provided with a hinge at 102 and maintained 
in its normal "up" position by tension sprint- 103. 
Lever 100 is provided with a hine 106 and main- 
tained in its normal "up" position by ad]ustable 
compression sprin 107. Adustable dashpots 
]5 and I.I 0 provide a proper inertia to the action.of 
levers 100 and 100', respectively. The other levers 
of keyboard 66 and 66 are similarly provided with 
hinges, springs and dashp0ts, and have a similar 
construction. ITook member iii flxed to lever 
20 100' cooperatin with member il2 of lever 
causes lever 100 to be. depressed when. octave 
 lever 100' is pressed. 
If two notes one octave apart are tobe played, 
the lever of octave keyboard 66 adjacent to the 
25 lower note in right hand execution (or adjacent 
the upper note for left hand execution) on key- 
board 66 is pressed. The operating of the octave 
lever also operates the lever of keyboard 65.. Thus 
without unduly stretching the flngers, a note, 
30 along with a note an octave higher or lower, as 
required is sounded by operation of one keyboard 
lever. The electrical contacts necessarily asso- 
ciated with the ]evers of keyboards 65 and 66 are 
not shown in Fig. 3. 
35 leferring now more particularly to li. 4 for 
a general description of a modification of this in- 
vention, cathode ray tube J 15 is of the type which 
produces a pencil-like beam of narrow cross-sec- 
tion. Tube il6 includes cathode il6, horizontal 
,io deflecting plate I J 7, vertical deflecting plates I 18 
and patterns I 19 and 120. 
Horizontal deflectin plates I J7 are connected 
to horizontal sweep circuit 122 which is in turn 
controlled by keyboard 12. It will be under- 
stood tht keyboard 123 and horizontal sweep cir- 
45 
cuit 122 have associated therewith an octave 
keyboard and distributor as shown in Fig. 1. Ver- 
tical deflecting plates 118 are connected to verti- 
cal sweep circuit 124. 
Patterns [19 and 120 are connected throuh 
50 
frequency compensator circuit J 26 and harmonics 
attenuator circuit 127, coupling circuit 128 to 
puise integrator circuit 129. Circuit 126 contains 
a pre-set resistor for each of patterns il9 and 
20, the resistor attenuating the signal picked up 
55 by each pattern to compensate for the selective 
hearing characteristics of the ear. Circuit .127 
provides for the circuit of each of patterns il 
and 120 a potentiometer including a tapered 
60 sistance. These potentiometers are selectively 
operable by stops not shown so that the various 
harmonics can be suppressed or accentuated in 
order to simulate different musical instruments 
or produce new complex sounds. 
 Coupling circuit 128 gives a direct current 
coupling between harmonics attenuator 127 and 
puise integï'ator 129. Puise integrator 129 is a 
circuit capable of integrating the electrical puises 
supplied to it. during each vertical sweep of the 
70 electron beam in cathode ray tube IlS. Con- 
ductor J30 connects vertical sweep circuit 124 
with puise integrator 129 fo supply the latter 
with a tripping puise at the end of each vertical 
sweep. Puise integrator circuit 129 is connected 
5 through detector 135 and amplifier 136 to speaker 
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137. Circuits 128, 129, 135 and 136 will be de- 
scribed in greater detail below. 
In the operation of the system shown in Fig. 4, 
the spot trace oï the pencil electron beam pro- 
duced in tube   5 sweeps vertically over patterns 
9 and 12(} ai a relatively rapid rate determined 
by sweep circuit 124. The pencil bearn of tube 
5 sweeps across patterns 19--120 horizontally 
at a rate which depends on the lever being oper- 
ated in keyboard 23 but at a rate which is al- 
ways slow compared to the vertical sweep rate. 
In Fig. 5a there are representations of funda- 
mental pattern I I 9 and second harmonie pattern 
20 with line 4[} representing the trace of spot 
140' of the pencil beam. Arrows indicate com- 
ponents of beam travel. Although shown vertical 
the beam trace would bave a slight slope as if 
proceeds in zigzag fashion across the patterns. 
The return trace oï the beam is ignored because 
it is so rapid as to produce a negligible signal. 
If desired the return trace may be blanked out 
by use of a blanking puise app]ied to a control 
grid in cathode ray tube 115. Fig. 5b shows the 
signal produced by the patterns 19--120, neg- 
lecting the effects oï frequency discrimination 
compensator circuit 126 which would govern the 
relative amplitude ofthe signais emanating from 
the patterns in accordance with auditory require- 
ments. In Fig. 5b the unshaded and shaded 
pulses represent the signal produced by transit of 
the beam across patterns 119 and 20 respective- 
ly along representative traces 14" shown in Fig. 
5a. It will be obvious that as the beam traverses 
the patterns in a nearly vertical direction there 
wfll be produced by each pattern a pulse having a 
duration equal to the rime during which the 
beam impinged on the pattern, and since the ver- 
tical deflection rate is uniïorm, the pulse dura- 
tion will be a measure of the pattern height at 
the position oï that trace. 
Fig. 5c shows the puises produced by patterns 
119 and 120 after attenuation by compensating 
network 2 and harmonics attenuator 2. In 
this figure the pulses representing the second 
harmonic have been appreciably attenuated 
either to compensate for the selective character- 
istics of the ear or because of selective suppres- 
sion of this harmonie fo achieve a desired effect, 
or for both reasons. 
Fig. 5d shows the output of puise integrator 
2 in which a condenser is charged as shown in 
Fig. 5] by the pulses shown in Fig. 5c. Fig. 5] 
shows the condenser charge voltage plotted 
against time. The higher the voltage of the 
puise, the higher wi]l be the charging rate of 
the condenser, curves CI-CR showing different 
charging rates. As seen in Fig. 5d, the condenser 
wil] be charged at a high rate (angle A) for a 
high puise and at a s!ow rate (angle B) for a 
short pulse and will be discharged at the end of 
each complete vertical sweep through action of 
tie 3l] between puise integrator circuit 29 and 
vertical sweep circuit  24. 
Detector 3 detects the pulses prodced by in- 
tegrator circuit 19 and produces a curve such 
as shown in Fig. Se, it being understood that in 
practice there would be a large number of inte- 
grated pulses as shown in Fig. 5/ to give a rela- 
tively smooth curve as shown in Fig. 5e. The 
speed with which the electron beam in tube   
is defiected horizontally depends on the lever 
pressed on keyboard 23. This rate of horizontal 
deflection determines the length in rime of the 
wave shown in Fig. Se which, in turn, determines 
the pitch of the note sounded. 
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leference is now made to Fig. 6 for a detailed 
description of an embodiment of this invention 
operating with a pencil cathode ray beam as gen- 
erally described with respect to Figs. 4 and 
5 5a5/. Cathode ray tube 50 includes cathode 
, control grid 2, horizontal deflecting plates 
, vertical deflecting plates  and on its end 
wall there is a mounting plate  carrying pat- 
terns 5--. Power supply } provides volt- 
10 ages to the various electrodes of tube {} to pro- 
duce a pencil beam of re]atively smal] cross sec- 
tion. 
In Fig. 6 the conductors $, $, etc. correspond- 
ing to the conductors of like number in Fig. 1 
15 lead to the contacts of the distributor tube 
through resistors , 2, etc. lesistors  and 
2 are arranged with shorting switches  and 
I, respectively, arranged fo selectively shunt 
parts of said resistors. Shorting switches $, 
20  are ganged to operate Ïrom key signature 
stops  and , each stop operating one short- 
ing switch of each resistor. It will be understood 
that the wires associated with each keyboard lever 
each contain a potentiometer like , ', :, ' 
25 of Fig. 1. The resistors  and 2 lead to the 
contacts  of a distributor tube 2. This dis- 
tributor tube corresponds to distributor tube 
in Fig. 1. Tube 2, however, is an alternate type 
being a cylindrical tube having ifs contacts  in 
30 cylindricC array and the cathode 13 running 
axially of the tube. Deflection coils 185, 85, 
and 188 are fed with an a]ternating current from 
source 90. Condenser 19 is connected in series 
with coil I so that a rotating fleld will be pro- 
35 duced about tube 182 and cause a planar sheet of 
electrons to be emitted from cathode 83 and 
sweep radially around the tube and across the 
contacts 18 at a speed determined by the fre- 
quency of the source  00. 
40 The anodes 81 of distributor tube 182 may be 
separated and shielded from each other fo pre- 
vent the beam from impinging on two anodes ai 
the saine time. The resistance of the beam con- 
tact as it passes from one anode )I to the next 
5 is so low in comparison to the impedance in series 
with if that the effect should not be apparent 
until the beam has almost passed over one anode 
prior fo contact with the next. 
The switching speed of the electronic distribu- 
50 for tube I]2 of Fig. 6 is limited on]y by the mag- 
netic properties of the rotary sweep circuit and 
this may be as high as I0,000 cycles per second 
which would allow 130,000 switchings per second. 
Switching from one audible frequency fo another 
5 is performed at a supersonic rate. 
lesistors such as 7 and 72 appearing in 
the potentiometer circuit associated with each 
keyboard lever will obviously affect the current 
passing through these potentiometer circuits in 
60 accordance with the amount of the resistances 
, 2, etc. that are shorted out by the key 
.signature stops such as 5 and . This amount 
of shorting in turn wfll affect the voltage 
plied fo the grid of tube {} through conductor 
(5  and thus affect the pitch of the note sounded. 
Shorting switches such as those designated as 
 are positioned along resistor  so that 
operation of one key signature stop such as 
operating to close one shorting switch in each 
ï0 resistor  , 2, etc. will cause the notes sounded 
by keyboards  and  to be in any one of the 
various keys and modes represented by stops 
and . Other stops arranged in equal man- 
ner may be employed to provide alternate poten- 
75 tiometer taps fo cause the instrument to play 
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in equal or just temperament and in the various 
modes. 
The switches such as 73 may be arranged so 
that the over-all pitch lever is raised by the re- 
sistors such as t T! until the base frequency or 
pitch sounded by the white keyboard lever nor- 
mally producing C-natural is equal fo that of 
the key note represented by the signature. The 
white keys which normally represent the scale ai 
the key of C now will represent the scale in the 
key selected. The signature written on the music 
will remain as usual but the musical notation 
will need fo be transposed o the key of C. In 
this system, except for transposing incidentals, 
all music will be played on the white keyboard 
levers and the given note position on the staff 
will always be represented by the same keyboard 
lever. Each keyboard lever will therefore sound 
a different pitch depending upon the key se- 
lected in contrast with piano operation in which 
each keyboard lever always sounds the same 
pitch. If the scale pitches are selected in the 
just tempered scale then true harmony will re- 
sult. Adjustment from equal fo just tCpera- 
ment or vice versa is affected by gang selector 
witches operating on the pitch potentiometer 
such as switches 97 in Fig. 1. In order to play 
in the various minor as well as the major modes 
from 12 fo 26 key signature change switches will 
be required. Since the minor mode scale step 
arrangement differs from the major mode, addi- 
tional gang selector switches such as 73 in 
Fig 6 operating on the pitch potential circuit 
will be required. The black keyboard levers would 
then be arranged to represent intermediate fre- 
quencies between key scale steps for modulation 
purposes. These might have equal tempered 
values or just temperament attuning fo selected 
transposition keys. 
Alternatively, the switches such as 73 in Fig. 
6 may be arranged so that music written in keys 
other than the key of C (i. e, written in sharp 
or flats) may be played on the keyboard as 
though written in the key of C. In this system 
the musical notation would be used unmodified, 
The keyboard would be played as usual except 
that the key signature flats and sharps would 
be disregarded and executed as though ns.tural. 
The shift of the white keys fo the proper sharps 
and flats would be done by depressing key signa- 
ture switches such as |73 in Fig. 6. In this sys- 
rem all of the notes are not shifted by a certain 
ratio but the various notes are changed in pitch 
each by ifs required amount. 
Wire 79 from keyboards 65 and 66 is con- 
nected with the contr01 grid of pentode 0. The 
cathode of pentode 69 is connected fo conduc- 
for 50 from keyboards 65 and 66. -k'equenc.v 
cor/trol tube 60 is connected to saw-tooth oseil- 
lator circuit 50 as explained with respect fo Fig. 
I. The output of saw-tooth oscillator circuit 5,0 
is fed fo paraphase amplifier circuit t8 contain- 
ing triodes ri5 and t96. The plate of gas-filled 
tube 5 is connected through condenser 9 to 
the grid of tube |95. The junction of condenser 
|97 and the grid of tube 95 is connected through 
resistors 98 and t99 fo the cathodes of tubes 
|95 and 96. The Junction of resistors ]98 .nd 
9] is connected fo the grid of tube |96. 
The particular form of ParaDhase amnlifier 
employed in circuit t8 emDoys coupling between 
the cathodes of the two tubes t95 and 98. Cur- 
rent from both tubes fiows through the common 
cathode resistor |99. Grid voltage on tube |9. 
is the voltage developed across cathode resistor 
]] and is of opposite sense fo that directly on 
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the grid of the amplifying tube 195. The output 
of triode 196 is thus inverted with respect to the 
output of tube 95. The plates of triodes 
and 196 are each connected through a separate 
5 resistor to a common source of plus potential. 
The outputs of paraphase amplifier 48, two mutu- 
ally inverted saw-tooth waves, are fed to clamp- 
ing circuit 47. 
Clamping ch'cuit 47 comprises diodes 200 and 
10 20. The output of triode 195 is connected to the 
cathode of tube 20! and also to one of the hori- 
zontal defiecting plates 53 of cathode ray tube 
50. The output of triode 96 is connected to 
the plate of diode 200 and also to the other of 
15 defiecting plates 153. The plate of diode 20! 
is connected to ground while the cathode of di- 
ode 200 is connected to an adjustable biasing 
source of potential. It wfll be obvious that 
odes '200 and 20! will conduct in opposite direc- 
20 tions when the mutually inverted defiection volt- 
ages attain suflïcient amplitude. This result in 
clampin one extreme of each opposed saw- 
toothed horizontal deflecting voltage at one point 
and causes one side of the sweep of the electron 
25 beam to remain a]ways fixed regardless of am- 
plitude variations. 
The vertical defiection voltage is initiated in 
saw-tooth oscillator 205, a vacuum tube oscil- 
lator capable of generating a frequency of 100,00 
30 cycles per second or more. Oscillator circuit 
of triode 206 is maintained above ground by 
cathode rsistor 208. The grid of tube 206 cau 
be made highly negative with respect to it cath- 
ode since it is dependent upon the current 
35 through pentode 207. The current through pen- 
rode 207 may be regulated by adjustment of 
its screen grid voltage through manipulation of 
potentiometer 209. Triode 206 will be non-con- 
ducting while condenser 21 is being charged 
40 from source of plus potential 22. As condenser 
2! I becomes charged triode 206 becomes conduct- 
ing regardless of the highly negative grid. This 
results in plate current through resistor 2 !3. The 
grid of pentode 207 is thereby affected through 
condenser 24 and resistor 25. The grid of 
 pentode 27 then goes negative and current 
creases through pentode 207. Because of the 
grid connection of triode 206 with plate resistor 
216 triode 20 becomes more conducting and 
0 finally positive. Condenser 2! discharges very 
quickly through this tube. When voltage across 
condenser 2 ! ! decreases enough the grid of triode 
206 gains control and the cycle repeats. 
The outPut of oscillation generator 205, a saw- 
 tooth wave, is ïed to the input of paraphase am- 
plifier 220 through the primary of transformer 
221. The secondary of transformer 22! operates 
to trip the pulse integrator in a manner to be 
described later. Paraphase amplifier 220 has a 
0 construction and operation similar to that already 
described for paraphase amplifier 48. The out- 
put from paraphase amplifier 220 is connected 
through clamping circuit 222 to vertical deflect- 
ing plates 54 of cathode ray tube 50. The con- 
65 struction and operation of clamping circuit 222 
is similar to that described above with respect to 
clamping circuit 47. 
In tube 50 each of patterns 56 to 65 are con- 
nected through frequency compensating resistors 
70 such as 225 to tapered-harmonic-attenuator re- 
sistors such as 226. lesistor 226 forms part of 
the potentiometer circuit going back to voltage 
suPply 170. The adjustable tap along each log- 
arithmically tapered resistor 226 feeds through 
75 a resistor 227 to the cathode of diode 230 and the 
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plate of diode 23/ in positive coupling circuit 233. 
Frequency compensating resistors 225 corre- 
spond to the resistors in circuit 126 of Fig. 4 while 
the tapered potentiometers, such as 226, corre- 
spond to those in the circuit 27 of Fig. 4. The 
function and purpose of circuits 26 and 127 bas 
already been explained with respect to Fig. 4. 
Since the voltages from potentiometers such as 
226 must be combined before being amplified for 
the speakers, high series resistors such as 227 
must be added in the voltage tap line of each 
potentiometer 226 to prevent short-circuiting 
when these lines are connected to a common lead. 
A switch such as 232 is shown between each re- 
sistor 225 and potentiometer 226 is provided 
whereby each anode 56 may be grounded when 
not used in order fo prevent the anodes from 
cumulating a charge when disconnected. 
The purpose of the positive coupling stage 2.. 
is to assure that the coupling condenser 234 used 
to block potentiometer voltage from the grid of 
the pentode 236 in puise integrator circuit 237 is 
not rendered insensitive to the incoming pulses 
by accumulation of charge, and to insure that the 
pulsations are transmitted with their full in- 
tensity. Incoming pulses are prevented from 
shorting to ground by the rectifying action of 
diode 23 while iassing unimpeded through 
ode 230. The voltage drop across grid resistor 
239 supplies the signal pulse passed on to pulse 
integrator circuit 237. In .this process a small 
charge accumulates on condenser 234. During 
the period following the pulse the condenser be- 
comes neutralized by a fiow of current through 
the grounded diode 23. This current fiow bas 
no action on the stage 227 since the direction of 
this current is opposed by the other diode. fhe 
original signals are thereby transmitted through 
the coupling circuit 232, without alteration by 
said circuit, as unidirectional pulses to the lUlse 
integrator stage 237. 
Pulse integrator stage 237 includes pentode 236 
and triode 240. The output of coupling circuit 
233 is applied to the grid of pentode 236 in pulse 
integrator circuit 237. Circuit 237 also includes 
condenser 241 charged by battery 242 through 
resistor 243 and pentode 236. Resistor 243 is the 
cathode resistor of vacuum triode 240, the grid 
of which is connected through conductor 244', 
differentiator circuit 246, and conductors 247 to ' 
the secondary of transformer 221 in the input of 
amplifier 220. A by-pass condenser is provided 
across cathode resistor 243. One side of con 
denser 241 is connected to the cathode of triode 
240. The other side of condenser 241 ,is con- 
nected to the plate of triede 240. The output of 
integrator circuit 237 is taken from the positive 
side of condenser 24 I. 
In operation, each puise, such as those shown 
in Fig. 5c, impressed on the grid of pentode.236 
causes that tube to passa puise of current from 
battery 242 to condenser 24. Current from bat- 
tery 242 fiowing through cathode resistor 243 
causes triode 240 tobe normally non-conducting 
with a grid bias Eg (Fig. 5]) within the substan- 
tially linear portions of condenser 24 charging 
curves. However, the high rate of change of thez 
vertical defiection voltage during the return stroke 
of the electron beam in tube 150 causes a pulse» 
of relatively large magnitude to be induced in the 
secondary of transformer 22 and timed to dis- 
charge condenser 241 belote the voltage has 
reached the eut off voltage Eg. This Puise 
properly shaped by differentiaior circuit 246 and 
applied to trip tube 240, making that tube con- 
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ducting and discharging condenser 241. Differ- 
entiating circuit 246 consists of a condenser and 
resistor in series forming a circuit having a rime 
constant about one-tenth that of the vertical 
5 oscillation cycle applied to plates 154 of tube 
The effect of integrator circuit 237 is as described 
with respect to the integrator circuit in Fig. 4 
and with respect to Fig. sg. 
The output of puise integrator circuit 237, 
10 which is the charge on condenser 241, is applied 
to the input of detector circuit 244, being con- 
nected to the plate oï diode 240' and the cathode 
of diode 247'. A resistor 249 and condenser 249, 
connected in parallel are connected between the 
15 cathode of diode 240' and the plate of diode 247'. 
Detector circuit 244 operates in a manner similar 
to that of coupling circuit 23 in that is preserves 
the direct curï'ent component of the signal. How- 
over, condenser 249 is charged by each puise, 
O such as shown in Fig. 5à, in the output of the 
integrator circuit and discharged through re- 
sistor 245 between pulses. Thè output of circuit 
244 taken ïrom across condenser 248 is, therefore, 
the envelope of the input pulses as shown in 
.5 Fig. 5e. 
The output of detector circuit 244 is taken from 
across condenser 248 and applied across tapered 
resister 252 in volume control circuit 253. Con- 
denser 250 in series with resistor 25 tapped to 
80 the lower end of resistor 252 provides overall fre- 
quency compensation. A tap adjustable along 
'esistor 252 applies the output oï volume control 
circuit 25;] to the control grid of pentode 256 
which acts as a drive.r tube to push-pull ampli- 
85 lier 2e0. Pesistor 252 is logarithmically tapered 
to compensate for the logarithmic sensitivity of 
the ear so that equal adjustments of the inter- 
mediate tap will produce equal changes in volume. 
The output of amplifier circuit 260 is impressed 
40 on the input of speaker divider circuit 270 where 
it is divided into high ïrequencies, which are im- 
pressed on bigh frequency sPeaker 276, and low 
frequencies which are impressed on low fre- 
quency speaker 277. The high and low frequen- 
45 cies are separately ruade audible to obtain better 
sound effect. 
Sweep 1irait control circuit 46 contains triode 
4, the grid of which is connected to the junction 
of resistor 57 and the plus side of power supply 
50 70. When the electron beam of tube 150 im- 
pinges on e!ectrode 44, a current fiows through 
said bea.m, electrode 4, resistor 57 and power 
supply 170 to the cathode 151 of tube 150. This 
momentary flow of current through resistor 57 
55 causes a p]flse to be applied to the grid of triode 
54. The amplified pulse is passed through trans- 
former 5 to trip gas lïlled triode 52, as explained 
above, and cause the return of the électron beam 
in tube  to the starting place along the hori- 
f0 zontal axis. The electrode 44 is the same as that 
hown in tube   5 of Fig. 4. 
Time beat emphasis circuit 209 receives spaced 
square waves from generator 2]  and applies them 
to control grid 52 of tube 50. Generator 281 
65 develoIs square pulses of adjustable amplitude 
durat]on and spacing. The pulses applied by 
circuit 2 to grid 152 momentarily change the 
intensitv o the electron beam of tube 59 and 
cause the music rendered to have accentuated 
'0 volume or beats at regular intervals. This may 
be arra.d to give automatic accent to the notes 
at he end of each ,measure so that the rhythm 
of the m]sic may easily be held constant. 
The electron beam in tube 150 may also be 
5 varied In lntensity to control the attack-decay 
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volume of each note as will be described below 
with respect to Fig. 7. 
Reference is now made more particularly to 
Fig. 7 for a description of some of the volume or 
dynamic controls used in this invention. In Fig. 7 
is seen distributor tube 82, battery 12, pitch 
resistors 69, and key signature resistors 
substantially as seen in Figs. 1 and 6. Fig. 7, 
however, shows a modification of the pitch- 
potentiometer circuit in that there are no silent 
resistors 65, the pentode 60 being so biased that, 
with no bias applied toits control grid, it will 
not conduct and no charge will be fed to con- 
denser 5. Pentode 60 is connected to the taps 
of the various pitch potentiometers 69 by the 
pitch contacts such as contact 30 of keyboard 
lever 3 I. 
The above described potentiometer circuit fol" 
selective pitch control is an additional modifica- 
tion in that the contacts 3{} and 3' break the 
various potential lines to the grid of the pentode 
tube 6{} rather than the current in the various 
parallel potentiometer circuits. It will be under- 
stood that there is a contact such as 3{}{} and 3{}{}' 
for each lever on the main keyboard and that 
each of such contacts is associated with a lever 
- such as 30. 
In Fig. 7 the pitch potentiometer circuit asso- 
ciated with keyboard lever 30 includes the elec- 
tron beam and a contact 8 of distributor tube 
62, battery 12, pitch resistor 69 and key-signa- 
turc resistor 13. In parallel with this circuit 
are one or more dynamic control circuits includ- 
ing the electron beam and a contact $ of dis- 
tributor tube 82, battery 12, attack-decay poten- 
tiometer 3{}4 and resistors 3{}5. Since each of 
these parallel circuits bave high impedances, cur- 
rent drain in one circuit does not materially affect 
the other. 
The attack-decay potentiometer 3{}4 includes a 
ta.pered ring-like resistor 3}6, the inner surface 
of which is circular and engaged by rotating 
contactor 3}1. Contactor 1{}1 is fixed to shaft 
3{}6 of motor 309. Shaft 3{}8 is normally pre- 
vented from rotating by arm 32 fixed thereto 
which normally abuts against arresting member 
34 carried by bar 35. Bar 35 is slidably 
mounted in supports 31 and 3$ and carries 
arresting member 32{} capable of arresting arm 
3 2 after it has rotated 180 degrees from member 
34. Bar 35 is moved in an axial direction by 
solenoid 322 and is biased by spring 32 so that 
arm 32 noiTnally abuts a.gainst arresting mem- 
ber 
When solenoid 322 is energized, bar 35 is 
moved against the tension of spring 32; arrest- 
ing member 34 is moved from under arm 
and shaft 3{}8 starts to rotate carrying with it 
contact 3{}1. With the moving of bar 35 arrest- 
ing member 32{} has now moved in the way of arm 
3 !2 a.nd arrests arm 3 2 after it has rotated 
degrees. When solenoid 322 is deenergized, bar 
3  5 moves toits normal position, arresting mem- 
ber 32{} is moved from over arm 32 and shaft 3{}$ 
and contact 3{}1 rotate another 180 degrees till 
arm 32 is again arrested by member 314. Sole- 
noid 322 is connected in series with battery 334, 
adjustable resistor 335, and contact 36 asso- 
ciated with keyboard lever 301. Operation of 
lever 3{} therefore energizes solenoid 322 subse- 
quent to closure of pitch contacts 00. 
Shaft 3{}$ also has fixed thereto a conducting 
disc 323 straddled by the poles of electro-magnet 
324 having winding 325. Winding 325 is con- 
nected in series with battery 326 and adjustable 
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resistor 321. Resistor 321 is adjustable through 
movement of contactor 325 which is controlled by 
foot pedal 329. It will thus be seen that the 
speed of rotation of shaft 3{}$ and contact 3{}1 is 
5 controlled by the position of foot-pedal 329. 
Also cormected in the dynamic potentiometer 
circuit are series resistors 3{}5, each of which is 
shunted when a corresponding contact spring 
335 makes contact with bar 339. The face of 
10 bar 339 engaging springs 335 is tapered so that 
the springs are engaged in succession. Bar 339 
is fixed to keyboard lever 3{} f and when lever 3{} 
is depressed, bar 339 is raised to successively con- 
tact springs 335 and shunt resistors 3{}5 succes- 
15 sively out of the dynamic potentiometer circuit, 
allowing increasing amounts of current to flow 
in that circuit. Resistor 3{}5' similar in con- 
struction to resistor 3{}5 but associated with a 
different keyboard lever is shown schematically. 
20 It will be understood that each of these resistors 
or parallel ones extending from lines 3{}3 are also 
operative keyboard levers which are octaves of 
this note on the main keyboard. 
Dynamic potentiometer 304' is shown schemat- 
25 ically. Potentiometer 3{}4' is similar in construc- 
tion to potentiometer 3{}4 but is associated with a 
different distributor contact $ and its associ- 
ated keyboard levers, representing one note and 
its octaves on the main keyboard. Potentiom- 
30 eter 304' bas contact 01', arm 32', and stops 
3  4' and 32{}' corresponding to elements 351, 3 
314 and 320 of potentiometer 304. 
Contact 301 of potentiometer 304 is connected 
through shaft 305 which has ends of insulating 
35 material and contact 342 to the contacts of the 
other corresponding potentiometers, such as con- 
tact 301' of potentiometer 304' and selector 
switch 346 to the cathode of triode 350, the plate 
of which is connected to the control grid of cath- 
40 ode ray tube 50 which contains the sine-wave 
patterns as seen in Fig. 6. Details of the selector 
switch stop mechanism will be described later 
under Fig. 9. There will be thirteen attack-de- 
cay potentiometers, such as potentiomèters 
4 304--304', one for each contact $ of distributor 
tube  62, to give one attack-decay characteristic. 
Other sets of such dynamic potentiometers not 
shown having different attack-decay character- 
istics may be provided and any set may be se- 
S0 lected by means of switches 345. One stop of 
switch 345 might bring into operation a set of 
potentiometers giving the attack-decay charac- 
teristics of a piano while another stop might give 
the attack-decay characteristics of a banjo. The 
55 other stops similarly represent other attack-de- 
cay characteristics. Each set of attack-decay 
potentiometers operated by one stop of switch 346 
contains one potentiometer such as potentiom- 
eters 304 and 304' for each contact $ of distrib- 
60 utor tube $2. The volume resistors such as 
of each keyboard lever are connected in parallel 
with each of the associated attack-decay potenti- 
ometers. Such a connection is indicated by wires 
303. The potentiometers of each attack-decay 
c5 set are connected to a corresponding contact 
of distributor tube 62. Such connections are 
.shown at 3  0. 
In operation of the circuit shown in Fig. 7, 
when keyboard lever 30 is pressed, contact 300 
ï0 is made connecting the grid of pentode 60 with 
the pitch potentiometer corresponding to lever 
30i and causing a note to be sounded by loud- 
speakers 216--211 (sec Fig. 6) Said note having 
a pitch corresponding to lever 30 as explained 
75 above. As lever 30 is depressed further, con- 



tact 33 is closed energizing solenoid: 32 and 
causing contact 3{17 of poteniometer 304 fo fo- 
tare ! 8{l degrees  a speed: controlled by the po- 
sition, of foot pedl 2S., As the varying v,oltage 
picked up by contact , is. applied, to the grid of 
triode  fo control the intensiy of the beam in 
tube .9 the volume of. the note sounded in- 
creases af. a. speed, detemineoE by pdal 2 and 
according to a lav detrmined by the taper of 
resisr 9_ fo proyide the atta desired. 
As long as keb.0al:d leveç $j is held. down, 
arm ] 2 is held, bF sop $. and. the note iS main- 
tained af constant.volume in respect to, the con- 
trol by potentiometez  although,, the volume 
may be varied byother means t b described be- 
]ow. When the key.beazd lver 3. is eleased 
suoeciently, cont.act $$ is. disengaged and sole-- 
noid 3.22 is deenergized, This allows contact 
fo complete ifs «eoltiou, and decrease the 
tensity of, the electon, bc_am in tube 9-fo di- 20 
minish th volume of the note according fo the 
taper of the resistor 3$ and the position of: foot 
pda! 3 to p:ovide the. desi¢ddecaF. 
The volume of: each. noe may be controlled 
separately by the pressure applied- fo the corre- 
sponding keyboavd leer. The amount, of pres- 
sure applied fo levez 3, results in more or !ess 
depreion of the lever against the tension of 
spring $2. The geater the depession of levm" 
$ , the moe resisto]s . ae cnt. out of: the 
dynamic potentiometer circuit ]esulting in a 
greater amount of curr.ent flowing in the circit 
and causing a greatm:e intensif, of the electron 
beam in tube [ and. a greater volume of s0und, 
The function of switch $9. which is. opm:ated 35 
by keyboard leve $ will be decribed below 
with respect .Fig. 9. 
If will be understoDd that.it might be desirable. 
in some music that, the duration of the decaF  of 
a note extend until, a rime after the finger has 40 
been lifted from the keFboard levez. Furtheç- 
more the keYboazd levers ] could be arranged 
ith a slight purposeful, misaligent of key 
lev.er contact positions so. that chm:ds will au- 
matically be played with slightly diffeent initia- 4G 
tion rimes and decay, periods in or.der that. a too. 
mechanical effect be avoided. 
A tremolo effect maF be. pzoduced directly by 
rapidly varying the pressure on each keyboard 
lever since volume is a function of the amount 
by which the leve is pressed Ho.ever, a more 
sustained effect may be. produced bF the means 
shown in gs. 2 and 2a. A light source , pro- 
duces light which is directed into a beam 9 by 
optical element . e light beam_ $ is fo 
cused by optical element .2 on the cathode of 
photosensitive cell $. Directly adjacent light 
beam '$9 are a pluralitF of reed e!emen 
Each reed element 4 as seen in Fig. 2a coists 
of a rhin reed $. anchored af one end fo the 
frame of' the musical instrument. The other end 
carries an obturating mea  and handle 
means ]. Photocell , controls the grid of a 
tube in the amplification circuit. 
In operation, when a sustained automatic 
tremolo effect is desired, the musician displaces 
one o reeds  by pressing and rapidly releas- 
ing handle . The reed will then continue fo 
vibrate, alternately blocking, or partially block- 
ing, light beam $. from. phocell $ and caus- 
ing the volume of the music, fo, ary rapidlF in 
volume in accordance with e peiod of vibra- 
tion of the reed caused- oscillate. The reeds 
 are each of different, length, o thickness 
that each will vibrate af a different fiequency. 
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The zeeds may be made fo vibrate singly or in 
any desired combination« Electromagnetic driv- 
ing means maY be arr.anged for causing the reeds 
to continuously vibrate, This means for produc- 
5 ing automaticallY a. tremolo, effect is preferably 
placed closely, behind the keyboard as shown in 
Fig. 2 for the_ convenience of the musician. 
will be obvious that such a tremolo producini 
means could be usid with each manual for indi- 
10 vidual results or een_ with each harmonic of a 
note. 
In. Fig. 8 is. shown oyer-all volume potentiom- 
etez 252 also shownin Fig. 6. The adjustment 
of  potentiimeter: 252 is controlled by foot pedal 
15 3{}{}. The position of » foot, pedal 35} therefore 
controls the ov.er»all volume of the instrument. 
There being a. dynamic potentiometer circuit 
corresponding, to the one containing potentiom- 
eter 3{}4 associated; throughsvitch 348 with each 
contact fi of tube .$2, the action of distributor 
tube !.82 is to.cause the electron beam of tube !59 
fo be modulated successively during small incre- 
ments of. rime in, accordance with the keyboard 
levers operated, the proper attack o1 decay vol- 
tune being impressed on each note as if is sound- 
ed during its increment of: rime. 
leference is now, ruade more particularly to 
Fig. 9 for a description ofa quality control cir- 
cuit used in tliis invention. Tube !5.{}, patterns 
!5,--5, and compensating resistors 22 corre- 
spond fo those elements shown in Fig. 6. Ie- 
sistors 225 are each connectedto a contact spring 
75 Opposing contact springs 37{} are connected 
fo. ground. Between contacts 375 and S are 
intermediate contact., springs 37] each having 
fixed thereto, a downwardly extending projection 
378 of insulating material. Springs 3 are nor- 
mally: in, contact with. springs 37. Intermediate 
springs 377 may each be connected through 
switches 319 fo harmonic attenuator, resistors 
25, Alternately switches 39 may connect 
lected har, monic patter, ns. to g.round eliminating 
the harmonics so connected. 
Immediately above the top intermediate spring 
317. is the.end of- a plunger 38-fixed fo the core 
of solenoid 3fi5. The plunger 384 is biased up- 
wardly by spring 36 and extends through dash- 
pot 357,, the action of- which is reguiated by 
handle 3fifi. Solenoid fi5 is connected in series 
with battery 3,92 through contact 399. of key- 
board lever 3.{} !. 
When keyboard lever 3I}! is depressed, if wiil 
be seen that solenoid 385 willbe energized by 
the closing of contact. 38,{}. Operation of sole- 
noid 35 will urge shaft 3.8 dovenward against 
the tension, of spring 385, af a speed determined 
by dashpo 387 and the setting of regulating 
handle 388. As shaft 384 progresses downwardly, 
first spring -].7, wlll disengage spring 3 and 
engage spring 3:5, thus disconnecting fundamen- 
tal pattern 5{ fr0m,ground and connecting 
the pazallel, circuits of, harmonic resistors 
and 225' or 
As shaft: 384- moves further down the second 
spring 37-7 is moved to disc0nnect the second har- 
monic pattern !57-. from ground and connect it 
in the potentiomete cizcuit, of: resistm:s 
or 22,/' associated with the second harm,onic. 
The remaining hamonics are thus added to [he 
audible hO.te in. rapid, succession. 
Patterns !5.--!5 may be connected through 
resis.t0rs 225,, contact.springs. 375--37, switches 
379, through, harmonic attenuators 22 and 22' 
connected in parallel, through, battery 392. and 
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the electron beam of tube 150 fo forma com- 
plete potentiometer circuit. Sliding contacts 
,3 are fixed to rods 394 moved against a re- 
straining spring, hot shown, by iïloating bars 
33 which in turn are moved by cams 386. Cams 
$ are mounted on "shaft 397 which is turned 
by rack and pinion 38. ïhe rack is fixed to 
stop 389. 
.ovement of stop  fo various positions will 
be seen to suppress or accentuate the various 
harmonics as determined by the shapes of the 
cams ,9. When resistors 2 control quality, 
there may be simulated quality within one tone 
classification, i. e., woodwinds, whfle movement 
of stop 39 may produce variation within that 
classification, such as oboe, clarinet, etc. 
Each resistor  is mounted on a resistor sup- 
port 42 which is slidable with respect to con- 
tact ô93 as determined by the position of stop 
495. A spring tensioned ball 44 fitting in a 
notch on shaft  of stop 4(] allows the op- 
erator of the instrument to know by touch when 
the stop is in its normal position. Stops 
ai].ow each harmonic tobe separately adjusted. 
A!ternate harmonic attenuator resistors 
have contacts $8' moved by shafts 9'. Shafts 
8  are moved by fioating ba-'s 395' against 'e- 
straining springs, not shown, which are in turn 
moved by cams 8;3'. Each cam 38' is rotated 
by a shaft 39"Y and each shaft 397' is rotated 
by a separate loeob (]S. Thus the attenuation 
of each harmonic may be pre-adjusted or pre- 
set to a degree, belote starting a rendition chosen 
by the musician. Cams 8' aid in keeping con- 
tact 33' at the seiected position and allow the 
contact 33' to bave a diiTerent motion from 
that of knobs 488. 
A third set of alternate harmonic resistm's 
.' aïe provided. These resistors are for in- 
dependent separate harmonic control and are 
connected to stops in the form of calibrated slid- 
ing handles or to levers for rapid manipulation. 
They are not intended for group action, ie- 
sistors 8 ' are always connected and are in- 
tended for rapid manipulation to achieve varia- 
tions in the quality already set in the instru- 
ment by the musician. 
Switch 40, at the operation of the musician, 
selectively connects the contacts of the poten- 
tiometers containing resistors , or 22' to the 
puise integrator and thus causes the notes 
sounded tobe in accordance with the harmonic 
attenuation determined by the harmonic-atten- 
uator group selected. It wfll be understood that 
there would be a number of sers of resistors such 
as  l"epresentin tone familles such as the 
oboe, clarinet, etc., and that there could be a 
number of sers of resistors such as -."' at the 
command of the musician. 
Switch 419 includes curved clamps 4[ having 
opposed concave curves, said clamps bein ured 
together under tension to have opposite parallel 
motion when forcibly separated. Buttons 4 
are urged upwardly by springs 43 and bave 
lower bulbous portions 44 adapted fo be 
squeezed between clamps 41. As one button 
41 is pressed down and the associated bulbous 
portion 4 i 4 squeezes clamps 4 i  apart, the bulb- 
ous portion already between clamps 411 will 
escape, forced up by ifs sprin 43..Switch 41 
operates fo cmmect one set of contacts 39 or 
9  to the pulse integrator and thus allows 
lection by the musician of the type of quality 
control used. This selector device would also be 
adaptable for use with dynamic selector switch 
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stop $48 of Fig. 7. Switches such as 390' are 
operated by other keyboard levers. 
In Fig'. 10 is shown an alternate form of qual- 
ity control employing capacity attenuation. As 
$ explained by Figs. 5c-5/, the beam current is in 
the form of high frequency pulses which may be 
attenuated by capacitance. In Fig. 10 patterns 
such as 156 are each connected fo a resistor , 
all of which are connected through overall 
IO tenuation condenser 41, coupling ch'cuit pulse 
interator, detector 40 and amplifier 37, these 
elements being simflar in function to elements 
18, 19, 19 and 13G of Fig. 4, and loud speaker 
. Voltage is applied between anode patterns 
i  and cathode of the cathode ray tube by bat- 
tery 4. The various attenuating bleeder cir- 
cuits, condensers 4, 43, 45 and 46' discharge 
between pulses except .4, which dischariis di- 
rectly, tl'ough resistors 7 and battery 4 to 
 cathode. Other types of impedance, either var- 
iable resistors or inductors, may replace the 
condensers shown here. 
In the modification of Fig. 10, ïrequency com- 
iensation for the natural characteristics of the 
2 ear is accomplished by condensers 43 which 
vary tl]e voltage at the junctions of the patterns 
such as  56 and resistors 
In parallel with condensers 43 are harmonic- 
attenuator condensers 45, one condenser 45 
$0 being connected between each pattern, such as 
t  and the electron beam potential supply. Con- 
densers 45 provide tone ïamilies similar in func- 
tion to stop 399 of Fig. 9 and 45  for use simflar 
to stop 40S or resistors $ (Fig. 9) that is ïor pre- 
 set qualities or independent control. Switches 44 
permit alternate selection of the system including 
condensers 45 or the system including condens- 
ets 45 . Condensers 45 comprise a relatively 
movable plate, or plates, 46 and a relativily xed 
40 plate, or plates, 47. Movable plates 46 are 
shown to be mounted on shaft 434 ïor rotation. 
Shaft 434 has mounted thereon a pinion 43 
which is rotated by oppositely acting stops 49 
and 450 each of which carries a rack meshing 
,i. with an opposite side of pinion 431. Plates 46 
can therefore be rotated to any desired degree by 
pushing one or the other of stops 49--430. Plates 
4 and 47 are shaped to attenuate the various 
harmonics to achieve the sound effects desired 
50 for the various settings of stops 49--430. 
Pelatively fixed plates 47 may also be sepa- 
rately rotated with respect to plates 46 by stops 
4S carrying racks meshing with pinions flxed to 
plates 47. Stops 48 allow individual adjust- 
55 ment of the attenuation of the various harmonics 
within the tone ïamfly compass as desired by 
the musician. 
In Fig. 11 is shown an alternative distributor- 
switch arrangement in which a plurality of gas 
60 filled tubes such as tubes 435, 436, 43 and 438, 
each bave an anode, control ridi and cathode. 
Each of the cathodes of tubes 435-438 is con« 
nected to a common junction point 445 through 
a variable cathode resistor 440 and potentiometer 
65 441. The anodes of tubes 435-438 are connected 
together through conductor 446 and to the cath- 
ode through common junction point 445 and bat- 
tery 447. Cathodes of adjacent tubes 435-438 in 
the ring-like series are connected through con- 
ï0 densers 442. The grid of each tube 435-438 
connected to the cathode of the preceding tube 
in the series by resistors 448 and 449, and battery 
450. Voltage taps on potentiometers 441 are con- 
nected to the grid oï pentode 60 which cotte- 
75 sponds fo pentode 60 in Fig. 6. Switches 439 



between the taps on. potentiomet.ers. 4$A and the 
grid of tube 6{} constitute keyboard lev, er switches 
corresponding to $00 and $00' of Fig. 
lelaxation generator 452. of conventional, con- 
struction generates á succession of positiie pulses. 
of steep wave front at supersonic distributor fre- 
quency. The interval between.pulses is the incre- 
ment of rime during which one, note will be 
sounded until itis reached again by operation 
of the distributor ch, cuit. The Puises generated 
by oscillator 452 are applied fo the grids of tubes 
435-4.38 through condensers 4.53. It will be under- 
stood that in the actual circuit used there will be 
thirteen gaseous, triodes such as. tubea 435-438, 
one corresponding to each of the elecodes, 
in tube J 82 of Fig. 
In explaining the oper.ation of the circuit of 
Fig. 11, it wfll be assumed that tube 435 is con- 
ducting. Since tube 4.35 is conducting, cuoEent. 
is flowing through resisto 440 connected with 
the cathode of tha tube and hence the negative 
bias on the grid of tube 436 is lowered, because 
of the connection through resistors 448: and. 449 
and battery 450 to resistor 440: Bateries, such 
as 450 are for tle purpose of maintaining anega, 
tire bias on the grids of, tubes 435-438. Vhen 
the next positive pulse from relaxation oscillator 
452 is applied fo all the grids of tnbes 4_5438, 
tube 436 will begin to conduct since lU bas a suiïï- 
ciently low grid bias,, Tubes 43 and 438 do not 
bave a suiïïciently lew grid bias to, be rendered 
conducting by. the puise. When tube 436 begins. 
to conduct the drop across its resistor-440 charges 
the condenser between the cathodes of. tubes 435 
and 436 making the cathode of tube 4.35so posi- 
tive that the tube stops conducting. On arrival 
of the next puise from oscillator 452. tube 43 will 
begin fo conduct and tube 46 will be cut. off. 
This process is continuously, repeated; each pulse 
from oscillator 452 causing the next tube,to con- 
duct and the tube presently c0nducting to be cut 
off. Similar circuits employing vacuum tubes are 
known to the art and may be employed, in place 
of the gas fllled tube circuit shown. 
leference is now made more particularlF to 
Figs. 12 and. 13 for a: description of an. embodi- 
ment of this invention using continuous har- 
monic patterns. In this embodiment cathode ray 
tube 490 which includes horizontal and vertical 
deflection plates 49l and 42, respectiv.ely, car- 
rie on ifs end wall 43 and. concentric there- 
with a plurality of ring-like, substantially fiat, 
continuous patterns 494, the radial dimensions 
of which vary in sinusoidal manner. The inner.- 
most of patterns 494 varies in radial.dimension as 
a single comple)te sine wave. The adjacent pat- 
tern varies fo form tw completesine waves- and 
the succeeding patterns similarly form, the suc- 
cessively higher harmonics. 
Patterns 494 are each connected to the har- 
monic compensation and attenuation circuit 498 
which is in turn connected through pulse integra- 
tor circuit 23, detector 244 end amplifier 260 to 
speaker 26. Harmonic compensation and 
tenuation circuit 498 c0ntains,compensation and 
attenuation resistors 2.25 and 226 shown,inFig. 6. 
Circuits 23, 241, and 2,{}, and.speaker 2]6bave 
a similar, construction and operation to. that of 
the saine numbered.circuits in Fig. 6. Frequency 
control circuit .0.t contains tube 6.0, and its 
sociated circuit s!]own in Figs. 1 and 6. Dis- 
tributor 52 contains, an electronic distributor 
tube silnilar fo tube t02of Fig. 6. Keyboard 000 
is interconnect.ed with frequency, control circuit 
5,0! and distributor circuit 502, so.that there is 

produced in the output or ïrecluency control cir- 
cuit 50 J a voltage hawing a magnitude indicative 
of the pitch of the note being played o, keyboard 
50 and sounded at that incrementof rime. Dis- 
5 tributor 602 operates to cause the output voltage 
of frequency control, circuit 50] fo successiely 
repxesent over small increments of rime the 
various notes played on keyboard 500. 
Sine wave oscillat0r 5,03. produces a sine wave 
10 of  freqmency controlled bF the output voltage 
of frequency control 50. Such circuits for 
modulating frequency, are well known. The sine 
wae produced by circuit 503is split into two sine 
waves 90 degrees apart, in phase but each having 
15 the frequency of the original sine. wave. The 
splitting of the output of circuit 5{}3 is ac- 
complished by the circuit including condenser 55 
and resistor 50S. One of the quatrature sine 
waves is applied fo horizontal sweep, circuit 5] 
20 through transformer 50] while the other quadra- 
ture sine wave is applied to vertical sweep.circuit 
59 thro.ugh transformer ]]0 Vertical and hori- 
zontal sweep circuits 5{}] and {} are modulator 
circuits which modulate the amplitude of the 
25 voltages applied, fo the input circuits thereof. 
This amplitude modula£ion is controlled by saw- 
tooth oscillator 5.L5 which is a circuit capable of 
generating a saw-tooth wave having a frequen%v 
relatiye]y high compared fo the ïrequency of sine 
30 wave oscillator 53.. The saw-tooth wae pro- 
duced by oscillator. 5] 5.is appliedto sweep.circuits 
5 : and 5],9 fo modulate in. amplitude the quadra- 
ture waves from circuit. 5O,5,and 56. The deflec- 
tion waves produced by horizontal sweep circuit 
35 50] and vertical sweep circuit 50, are applied fo 
horizontal deflection plates 4! and vertical de- 
flection plates 492, respectively, of tube 9, 
Saw-tooth oscillator 5] 5. is connected to pulse 
integrator 23] through peker circuiç fi$ which is 
40 constructed simi]arly fo peaker circuit [40. in Fig. 
6 and operates fo deriv.e a pulse from the radial 
return deflection voltage of the sav,-tooth, wae 
 developed by circuit 515 The pulse frora.peaker 
516 trips integrator 23", discharging the con- 
45 denser therein as explained above. 
In the operation o.f the embodiment of. the in- 
vention shown in Fig. 12, keyboard 0{}, dis- 
tributor 502, and frequency control circuit 50J 
act fo produce a series of oltages, each repre- 
50 senting the pitch of the keyboard lever depressed 
and each lasting over an increment in a super- 
sonic distribution period as explained above. 
Each short voltage level frequency modulates 
sine wave oscillator 53. fo produce a sine wave 
55 having a frequency indicative of the pitch of the 
keyboard lever producing said voltage level. 
The two quadrature voltages produced by cir- 
cuit 505--506, having a frequency as, produced by 
sine wave oscillator 503» cause the pencil beam 
60 produced by tube 490 fo describe a circular trace 
on the end wall 493. Saw.-tooth oscillator 515 
modulates the amplitude of the vertical deflection 
voltage causing the circular trace on end wail 
483,.to be contracted and expanded over the pat- 
65 terns 44 at a high rate of speed. This results in 
a rapid radial scan which moves circumferential- 
ly over patterns . 494 af arate determined by the 
note played on keyboard 500 that momentarily is 
being sounded by the instrument through the 
70 actionof, distributor 502. 
The signal prooEuced by patterns 4S3 passes 
through circuits 4S0, 23]; 244, and 260 where it 
is handled in. the, saine manner as described in 
Fig:, 6. Peake 516 opertes' fo trip pulse 
75 integrator, 23: and add, the signa:ls produced in 



one radial sweep by the electron beam of tube 
490 a!so as explained in regard to Fig. 6. Speaker 
276 produces the audible oscillations. 
Another embodiment of part of this invention 
is showl] in Figs. 14 and 15 in which the sine vave 
patterns 53 bave a cylindrical or conical surface 
and are placed inside of the cylindrical or conical 
e]velope oî ]acuum tube 53. Patterns 5S0 may 
be mounted on a separate cylindrical mounting 
n]ember as shown in Fig. 15 or mounted directly 
on the ira]er surface oî envelope S. Tube 
aiso has a central axial cathode ,2. The pat- 
terïs 50 are each connected to the attenuation 
circuits 4{ which are in turn connected throuh 
amplifier 42 to speaker 42. The defiection cir- 
cuit for rotating the electron beam produced in 
tube 31 by cathode  is not shown in Fig. 14. 
Fig. 15 shows an end view of tube 531 without 
the connection to the patterns ,} but with de- 
llection coils $5, 53, 2, and 52, each of vhich 
extends the length of tube 31. Opposite coils 
5 and 5 are connected in series to oscillator 
5 through transîormer 543. Opposite coils 
and 3 are connected in series with condenser 
5 and in parallel with coils 35 and 53 through 
transformer 5 fo oscillator 
The tank circuit for oscillator 42 cozsists of 
condenser 43 and o]e of coils 54, each oï which 
is connected to one of the thirteen electrodes 
5 arranged in a cfl'cle on the end wall of cath- 
ode ray distributor tube 549. The electron beam 
of tube 549 is caused to sweep in a circle over 
electrodes 4 by sweep circuit 5 which ira- 
presses quadrature sine waves on the defiection 
plates of tubê 9. The tank circtit above de- 
scribed is coupled to oscillator 54 by condensers 
'51 and 552. Battery 5 supplies the cathode- 
anode potential necessary fo produce the electron 
beam in tube 49. The oscillatory current pro- 
duced by oscillator  is prevented from passing 
through battery 5{} by choke coi1 4. Twelve of 
the coils 544 each represent one note of an octave 
and bave a series oï switches 5 one for each 
octave of the main keyboard such as keyboard 
5 oï Fig. 2. The thh'teenth electrode 54 is con- 
]ected to a coil having a switch 5 for each key- 
board lever of octave keyboard such as $ in Fig. 
2, each switch 5 being operated by a keyboard 
lever. Each coi1 44 is connected to oscillator 
2 through a switch 5 arra]]ged to be closed 
along with the closing of any switch 55 associ- 
ated with the said coil 54. All of switches 
and cofls 44 are not shown. 
In operation of the system shown in Figs. 14 
and 15, when no keyboard lever is pressed and no 
switch 5 is closed, the characteristics of oscil- 
lator 42 are such that it does not oscillate. 
However, ]vhen a switch  is closed along witl] 
the closing of its corresponding switch 
through operation of a keyboard lever, oscillator 
42 oscillates when the beam of tube 549 impinges 
on the corresponding electrode 4, and this 
cillation is determined by the amount of coi1 
shorted out and this depends on the pitch repre- 
sented by the keyboard lever depressed. 
The sine wave developed by oscillator 542 is 
split into two quadrature waves by action of con- 
denser 59. ïhese quadrature currents applied 
to coils 35, 52, 5 and  cause the sheet-like 
electron beam developed by cathode 52 fo rotate 
and sweep over patterns  at a rate of speed 
determined by the instant frequency of oscilla.- 
tor 42 and in turn by the keyboard lever pressed. 
It will be understood that the magnetic fields set 
up by defiection coils 5-$ not only rotate the 
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electron beam of tube S  but are also effective in 
ïorming the electrons from cathode 5S into a 
sheet-like beam. 
The signals generated by patterns 50 as the 
5 electron beam sweeps over the varying sur,face of 
said patterns is altered by attenuator circuits to 
achieve the desired quality and amplified and 
rendered audible all as described with respect to 
Fig. 1. It will be understod that when a plu- 
10 rality of keyboard levers are pressed simultane- 
ously closing a switch 55 o each of a plm'ality 
of coils 544, that the corresponding notes aré 
sounded successively af a super-audible rate also 
as described with respect to Fig. 1. It is to be 
15 understood that, if space permits, all of the notes 
and their harmonics may be represented by pat- 
terns and no super-audible switching device em- 
ployed or that other combinations oï patterns be 
used than here described or that octaves be 
2o tained by doubling circuits. 
leference is now ruade to Figs. 16, 17 and 18 for 
a descriptio of an alternative embodiment of the 
discontinuous sine patterns in which comple- 
mentary patterns are used connected in push- 
25 pull relation. Cathode ray tube 5{}, of the type 
which generates a pencfl-like beam, carries on its 
end wall a plurality of sine wave patterns desig- 
nated generally as 
These patterns are shown more particularly in 
o Figs. 17 and 18 the latter figure showing a side 
view. Sine wave parterres 55 and 55, represent- 
ing a fundamental wave, are complementary and 
180 degrees out of phase. Patterns $ and 
are mounted in close proximity, but not in con- 
5 tact vith each other on insulating member $, 
which may be the end wall of tube 5. It will be 
u]derstood that patterns 52--55 are mounted 
inside the tube 59 for impingement thereon by 
its electron beam. The second harmonic is repre- 
,io sented by complementary patterns $4--55 also 
180 degrees out of phase. Although these pat- 
terns o.f Figs. 1EE and 18 are shown of the discon- 
tinuous type the principle is also applicable to 
the continuous forms shown in Figs. 12 and 14. 
45 One oï each pair of patterns is connected 
through attenuator circuits 5 and integrator 
and detector circuits l to the grid of tube 52, 
an amplifier tube connected in push-pull rela- 
tion with amplifier tube 5 through transformer 
5O 9. Transformer 5 is connected to speaker 
4. The other of each pair of patterns is ion- 
nected through attenuator circuits ] and in- 
tegrator and detector ch'cuits 5 to the grid of 
amplifier tube 5. Attenuator circuits 5 and 
55 55 contain harmonic compensator resistors and 
harmonic attenuator resistors corresponding to 
resistors 25 and 225, respectively, of Fig. 6. In- 
tegrator and detector circuits 5 and 5$ con- 
tain circuits 3, , 244, 25 and 255 of Fig. 6. 
ô0 In the operation of the embodiment shown in 
Figs. lô, 1V and 1S the pencil beam of tube 
is caused to be defiected horizontally successively 
across the patterns at a speed determined by the 
pitch of the keyboard lever pressed as explained 
65 with respect fo Fig. ô. The beam of tube 5 
also defiected verticatly at a relatively high ate 
also as in the embodiment of Fig. 6. The signals 
produced by the two sets of patterns are 180 de- 
grees out of phase. These two signals are atten- 
7O uated, integrated and detected as explained with 
regard to Fig. 6 and are applied in push-pull re- 
lation through tubes ]2 and 5], and through 
transformer 59 to speaker 4. 
The sinusoidal Patterns representing the fun- 
75 damental frequency and the harmonics may be 
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made, as described above, by attaching rhin metal 
foil fo the end wall of the cathode ray tube or on 
a separate insulated mounting plate. These pat- 
terns may be ruade by photengraving processes 
from a toaster plate which bas been photographed 
from an enlarged drawing. The patterns may al- 
ternatively be sputtered on the insulated mount- 
ing plate through a masser template or the whole 
surface sputtered, then covered with a rubber-like 
anodically formed background, sand blasted and 
the rubber removed. Another possibility of pro- 
ducing these patterns would be by forming them 
on an aluminum plate by an ink, known fo those 
skilled in the art, which resists anodizing. The 
plae would then be anodized, leaving a non-con- 
ducting oxide on the surface except on the inked 
portion. The ink tan then be dissolved leaving 
sinnsoidally shaped aluminum conducting sur- 
faces surrounded ly a non-conducting oxide sur- 
face. 
Another alternate anode construction could be 
availed of in which there is a conducting plate 
having sinusoidally shaped holes representing the 
fundamental and harmonics. Behind each sinus- 
oidally shaped hole, with respect fo the electron 
gun, would be a separate conducting plae af a 
high positive potential. The front plate having 
the sinusoidally shaped holes is ai a relatively low 
potential. 
The focusing and defiecting of the electron beam 
in the cathode ray tube containing the patterns 
may be donc by electromagnetic means or electro- 
static means or by a combination of electromag- 
netic and electrostatic means. The ïorm of the 
anode current fiuctuations is determined, as previ- 
ously explained, by the shape of the anode patterns 
and the rate of defiection of the electron beam. 
Consequently pattern shape and sweep charac- 
teristics cannot be considered separately. If a 
known tone quality is fo be synthesized, said tone 
having been analyzed into ifs elemental sinusoidal 
vibration components according to Fourier's 
method, then patterns of sine wave form would 
be required, assuming that the horizontal or "X" 
axis deflection is linear. Shapes of anode pat- 
terns compensated for non-linearity have teen 
treated in Patent 2,075,802. For the purpose of 
developing a new tone quality the generated 
sound wave form originating from each pattern 
and transmitted to the ear should be such that 
the sensory response of the ear is itself elemental. 
The mounting plate on which the patterns are 
mounted is preferably of glass, mica or other sub- 
stance which will withstand outgassing of the 
tube. Intercapacity coupling between adjacent 
patterns may be reduced by using separate plates 
for each wave pattern and mounting them in a 
frame each ai an angle fo the other like the 
slaks in a Venetian blind when partially opened. 
Although the patterns in Figs. 1, 4, 6, 9; 16. and 
17 bave been shown fiat, if will be understood that 
in actual practice itis preferable that these pat- 
terns presenta spherical surface to the electron 
beam impinging thereon. If may also be advan- 
tageous to place control grids in front of the anode 
patterns and relatively adjacent thereto for con- 
trol purposes. Grids or other collecting elec- 
trodes may also be placed near the patterns to 
collect secondary electron emission ïrom said pat- 
terns and thus derive the anode signal by sec- 
ondary emission rather than by a direct action 
of the electron beam upon the anode patterns. 
Since the patterns .are symmetrical along the 
horizontal axis a circuit which would supply a 
wave form with a uniïormly slow fise and ïall 
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to the horizontal deflecting plates would serve as 
well as a sawtooth wave having relatively slow 
fise and relatively rapid fall. This deflecting volt- 
ag'e would have the wave ïorm of an isosceles tri- 
5 angle and is known as a "back fo back" wave 
form. A voltage wave of this shape may be gen- 
m'ated by methods known to the art including the 
combination of a sine wave oscillator followed 
by a squaring circuit and flnal]y by an integra- 
i0 tion stage employing a rime constant about ten 
times that of the period of the cycle. Amplifica- 
tion would then be required belote the voltage 
could be app]ied to the deflection plates. The 
integratoï consists of a potential divider ruade up 
15 of a condenser and resistor in series. The inte- 
gïated output voltage is derived ïrom the con- 
denser terminals. A trapezoidal voltage wave 
form may be generated for use where magnetic 
deflection is employed, as is employed in some 
20 types oï television scanning. 
If is fo be noted that if will be possih4e to si- 
multaneously sound two different dynamic effects 
as well as two different qualifies on a 2-manual 
instrument laving two complete keyboard sys- 
25 teins as shown in Fig. 2, each of said manuals 
being associated with a system containing ordi- 
nary patterns as shown in Fig. 6. If push-pull 
patterns are used as shown in Figs. 16, 17 and 18 
one manual can control the sounds produced by 
0 one anode of each pair of the push-pull patterns 
thus permitting the use of one cathode ray tube 
with two manuals. If a single manual is associ- 
ated with a cathode ray tube containing push- 
pull patterns the wave derived ïrom each set of 
35 patterns may be differently controlled as to dy- 
namic and qualitative characteristics so that 
twenty-six different notes, half of which have a 
frequency equal to the other half, may be sounded 
on a single manual. 
40 !t will be obvions in the means for producing 
attack and decay characteristics in the dynamic 
control system that rotary condensers having 
shaped plates might be used in the place of the 
tapered resistor  used in potentiometer 11 in 
the manner that condensers are used in Fig. 10. 
If v/fil be understood that various changes may 
be ruade in the form and proportion without de« 
parting from the scope of the invention as deflned 
in the appended claires. 
50 What is claimed is: 
1. In combination, a means for producing an 
oscillation, operating means causing said produc- 
ing means fo produce oscillations while said oper- 
ating means is operated, amplitude control means 
55 for controlling the amplitude of said oscillation in 
a predetermined manner, said amplitude control 
means being operated by said operating means, 
said amplitude control means comprising a cir- 
cular resistor having a predetermined variation 
60 of resistance along ifs length, a rotatable con- 
factor continuously biased so as to cause its 
travel along said resistor ai a predetermined rate 
of Sl]eed, arresting means having two positions, 
said arresting means in a first position stopping 
6 rotation of said contact in one position along its 
path of rotation, and said arresting means in a 
second position stopping said contact in another 
position along its path of rotation, said operat- 
ing means also controlling said arresting mean» 
70 so that on operation of said operating means the 
contact means moves from said one position to 
said other position ai a predetermined rate of 
speed, and so that on cessation of operation of 
said opeïating means said contact moves from 
75 said other position fo said one position. 
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2. In a musical instrument., means ïor produc- 
ing oscillations, keyboard means for controlling 
the pitch oï the oscillations produced means for 
controlling the intensity oï the oscillations pro- 
duced, cyclical means associated with the intensity 
control, said cyclical means operating ai spaced 
intervals fo increase the intensity of a terminal 
note in each measure of music and a separate 
manually operated means fol" controlling the in- 
tensity of tIoEe oscillations. 
3. In a musical instrument, an electrica] oscil- 
lator, a sound producing means connected fo said 
oscillator fo convert the output of said oscillator 
into sound, a keyboard for controlling the pitch 
oÏ the electrical waves produced by said oscillator, 
means for controlling the intensity of said waves 
and a source of spaced electrical puises, said 
source being connected fo said intensity control 
means fo increase the intensity of a terminal note 
in each measure of music. 
4. In a musical instrument, an osciI]ator com- 
prising a cathode ray tube having ai least one 
wave shaped pattern and means for producing an 
electron beam, means for sweeping said beam 
across said patterns, means fo control the rate 
ai which said beam sweeps across said patterns, 
means to control the intensity of said beam, a 
source of spaced electrical puises connected fo 
said intensity control means fo vary the intensity 
of the beam during a terminal note in each meas- 
m'e of music. 
5. In a musical instrument, an oscillating 
means, a keyboard having keys connected fo said 
oscillating means fo cause said oscillating means 
fo produce oscillations when one of the keyboard 
keys is depressed, means for controlling the in- 
tensity of said oscillations, said control means 
cornprising a cyclical component which proceeds 
through a first portion of ifs predetermined cycle 
when a key is depressed, means fo arrest said 
control means ai a predetermined point of ifs 
cycle, and means fo allow said control means fo 
proceed through the last portion of ifs prede- 
termined cycle when the depressed key is released. 
0. In a musical instrument, an oscfllating 
means, a keyboard having keys connected fo said 
oscillating means fo cause said oscillating means 
to produce oscillations when one of the keyboard 
keys is depressed, an automaic cyclical means for 
controlling the intensity of said oscillations, a 
first portion of the cycle of said control means 
being arranged fo rait the intensity of said os- 
cillations fo produce a predetermined attack char- 
acteristic, a last portion of the cycle of said con- 
trol means being arranged fo vary the intensity 
of said oscillations fo produce a predetermined 
decay characteristic, means fo cause said control 
rneans fo proceed through the iïrst portion oï 
ifs cycle when a key is depressed, means fo arrest 
the cyclical operation of the control means when 
the attack portion oï the cycle is completed, and 
means fo cause said control means fo proceed 
through the last portion of ifs cycle when said 
last mentioned depressed key is released. 
7. The combination of claire 6 in which addi- 
tional means are provided for controlling the 
tensity of the oscillations. 
8. In a musical instrument, an oscillating 
means comprising a cathode ray tube having ai 
least one wave shaped pattern and an electron 
bearn, deflection means ïor causing said beam fo 
scan said patterns, a keyboard having keys con- 

nected fo said oscillating means fo cause said 
oscillating means fo produce oscillations when' 
one of the keyboard keys is depressed, rneans. 
connected fo said keys and operated by said keys. 
5 fo vary the intensity of said beam, said beam' in- 
tensity varying means being connected fo a cyCli- 
cal control means which proceeds through a first. 
portion of its predetermined cycle automatically 
when a key is depressed, means fo arrest said' 
i0 control means ai a predetermined point of its. 
cycle, and means fo allow said control means fo 
proceed through the last portion of ifs predeter- 
mined cycle when the depressed key is released. 
9. In a musical instrument, an oscillating 
15 rneans for producing a plurality of electrical 
waves, one oï said waves having a certain fre- 
quency, others of said waves being different har- 
monics of said one frequency, separate means for 
adjusting the amplitudes of each of said waves, 
20 each oï said adjusting means including a carn- 
surface, a single means ïor moving each of said 
cam-surfaces fo variously adjust each of said 
adjusting means, means for combining said waves 
into one complex wave, and sound reproducing 
25 means connected fo said combining means. 
I0. In a musical instrument, an oscillating 
means for producing a plurality of electrical 
waves, one of said waves having a certain fre- 
quency, others of said waves being different bar- 
S0 monics of said one frequency, a first group of 
means for adjusting the amplitudes of each of 
said waves, a second group of means for adjust- 
ing the amplitudes of each of said means, switch 
means to selectively and alternately pass said 
3ô waves through either of said groups of amplitude 
adjusting means, means to combine said waves 
after their amplitude adjustment, sound repro-. 
ducing means, and a connection between said 
combining means and said sound reproducing 
40 means. 
11. The combination of ciaim 10 in which the 
separate adjusting means in af least one of said 
groups are each separately adjustable. 
12. The combination of claire 10 additionally 
45 characterized by the provision of keyboard keys, 
means connected to said keyboard keys for oper- 
ating said oscillating means, additional means 
operated by said keyboard keys to apply said 
waves successively and in a predetermined order 
50 fo the respective adjusting means of the selected 
group. 
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